Topological photonics provides an ideal platform for demonstrating novel band topology concepts, which are also promising for robust waveguiding, communication and computation applications. However, many challenges such as extremely large device footprint and functionality at short wavelengths remain to be solved which are required to make practical and useful devices that can also couple to electronic excitations in many important organic and inorganic semiconductors. In this letter, we report an experimental realization of Z2 photonic topological insulators with their topological edge state energies spanning across the visible wavelength range including in the sub-500 nm regime. The photonic structures are based on deformed hexagonal lattices with preserved six-fold rotational symmetry patterned on suspended SiNx membranes. The experimentally measured energy-momentum dispersion of the topological lattices directly show topological band inversion by the swapping of the brightness of the bulk energy bands, and also 2 the helical edge states when the measurement is taken near the topological interface. The robust topological transport of the helical edge modes in real space is demonstrated by successfully guiding circularly polarized light beams unidirectionally through sharp kinks without major signal loss. This work paves the way for small footprint photonic topological devices working in the short wavelength range that can also be utilized to couple to excitons for unconventional light-matter interactions at the nanoscale.
operating at optical frequencies, especially in the visible wavelength range, may enable compact nanoscale topological photonic devices, as well as novel light-matter interaction phenomena.
However, many of the PTI structures require either complex geometrical designs that are difficult to fabricate for shorter wavelengths, or the use of time-reversal breaking magneto-optical elements that only work up to terahertz regime, making their experimental demonstration in the visible wavelength range challenging. PTIs based on fibers, waveguides or resonator arrays can in principle work at any wavelength 4, 43 , but suffer from very large device footprints and complex fabrication processes. On the other hand, Z2 PTIs protected by a pseudo time-reversal symmetry do not require magneto-optical responses, which can be readily realized in photonic crystals with subwavelength structural feature sizes, hence hold promise for operation in the visible wavelength range. Recently, a PTI has been successfully demonstrated in Si pillar lattices at ~ 650 nm by Peng et al. 44 , however, the increasing Si loss in the visible wavelength region and the fabrication complexity hinder its applications at short wavelengths. In this letter, we experimentally demonstrate PTIs with helical edge states in the visible wavelength range, tunable between 490 -630 nm wavelengths based on SiNx photonic crystal slab. SiNx membranes are widely used in fabricating high-quality photonic devices including photonic crystals, waveguides and resonators in the visible wavelength range, [45] [46] [47] due to their low loss down until ~ 400 nm, relatively high refractive index, and mature, silicon-based fabrication techniques. Besides, the designed open cavity geometry paves the way for further coupling to numerous active materials in the visible wavelength region, to study the intriguing topological light-matter interactions.
The proposal for realizing Z2 photonic topological insulators in honeycomb lattices was first put forth by Wu et al., 34 and our devices are based on the specific designs proposed by Barik et al. based on a photonic crystal slab. 39 A similar device has been recently experimentally realized in the ~1 μm wavelength range to demonstrate certain aspects of topological photonic architectures 37, 48, 49 . An undeformed photonic honeycomb lattice, analogous to graphene, exhibits two inequivalent Dirac points located at the K and K' points of its first Brillion zone. If the unit cell is chosen as a hexagon containing six lattice sites (figure 1b, white hexagons) instead of the primitive cell (figure 1b, green rhombus), these two points will be folded to the Γ point, resulting in a doubly degenerated Dirac cone, as schematically calculated in figure 1e (obtained with a tight binding model). Deforming the lattice while keeping the C6v symmetry intact, i.e., decreasing (increasing) the distance between the geometrical center of each triangle and the center of the unit cell, introduces a negative (positive) mass term in the Dirac dispersion, which opens a trivial (topological) band gap. The interface between the lattices of a topological and trivial bandgap structure can therefore support helical edge states according to the bulk-edge correspondence principle. Lying within the bulk bandgap, the edge states are confined to the interface, and are 
where 1 and 2 represent the intra-and inter-cell interactions between the neighboring lattice sites (see figure 1c ), respectively, is the in-plane wave vector; , , and are the three lattice vectors (see figure 1b ) with = − . When 1 = 2 , the Hamiltonian corresponds to the undeformed honeycomb lattice (analogous to graphene), giving rise to a four-fold degenerate Dirac dispersion centered at the Γ point ( figure 1e ). However, a band gap opens when the lattice is 
where is the lattice constant as defined in figure 1a , and , , and represent the Pauli matrices. The topology of the lattice is hence determined by the relative values between 1 and 2 , or equivalently, by the compression or expansion deformation of the lattice. In the compressed lattice, the intracell coupling 1 is larger than the intercell coupling 2 , hence the p band has lower After characterizing the dispersion of the bulk bands, we measured the reflectance spectrum at the interface between the shrunken and expanded lattices to directly visualize the topological edge states in the momentum space. In our structure, the trivial and topological lattices were stitched by a zig-zag interface, with the interface extending along the K' -Γ -K direction 
